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摘  要 
目的：供者反应性记忆性 T 细胞（memory T cells，Tm）介导加速性排斥反
应，是诱导移植物耐受的主要障碍。本研究利用封闭性单克隆抗体 anti-CD44、
anti-CD70、anti-CD154、anti-LFA-1 和供者特异性输注（DST）对 Tm 介导的加
速性排斥反应进行治疗，比较不同用药组合对移植物的保护作用，寻找最佳治疗
方案并探索该方案的作用机制。 










存期（MST）为 6 d，术后当天单次应用 anti-CD44 组平均生存期平均为 10.3 d，
间隔 4 d 注射组（共应用 8 次）平均生存期为>100 d。与对照组相比，CD44 阻
断使移植物和受体鼠体内中 IL-2 和 IFN-γ 的基因表达量显著下降，同时使 IL-10、
TGF-β和Foxp3基因的表达量增加；CD44阻断降低受体鼠脾和淋巴结中CD4+Tm
的比例，增加调节性 T 细胞（Tregs）比例。分离的预致敏 T 细胞中同时存在 CD4+
和 CD8+Tm，具有介导加速性排斥反应的功能。在预致敏 T 细胞过继转移小鼠心
脏移植模型上，对照组平均生存期为 5.5 d；Anti-CD154/LFA-1 组的平均生存期
为 21.5 d；Anti-CD44/CD70 组平均生存期为 16 d；Anti-CD154/LFA-1/CD44 组和
anti-CD154/LFA-1/CD70 组 平 均 生 存 期 分 别 为 25.5 d 和 22.5 d; An-
ti-CD154/LFA-1/CD44/CD70 组的平均生存期为 47.5 d; anti-CD154/LFA-1/DST 联
合应用平均生存期为 49.5 d，在此方案基础上联合加入 anti-CD44/CD70 可以诱
















Anti-CD154/LFA-1/CD44/CD70/DST 治疗对效应性和 Tm 免疫应答的抑制作用最
为显著；该方案可以显著降低受体鼠脾脏 T 细胞分泌 IL-2，IFN-γ 能力；抑制
CD4
+和 CD8+Tm 的增值，减少浸润移植物的 CD8+T 细胞数目和功能；增加受体
鼠内 IL-10 和 TGF-β 的表达和脾脏中 Tregs 比例并可以维持其长期存活。 
结论：多次注射 anti-CD44 可以有效抑制 CD4+Tm 介导的移植排斥反应，
anti-CD44 的主要作用机制是阻止 CD4+Tm 的增殖及粘附，促进 CD4+Tm 的克隆
清除。Anti-CD44/CD70联合可以有显著抑制受者脾脏中CD4+和CD8+Tm的增殖，
但对效应 T 细胞应答抑制效果不佳。Anti-CD154/LFA-1/CD44/CD70 可以延长移























Background: Donor-reactive memory T cells mediated accelerated rejection is 
known as a barrier to the survival of transplanted organs. In this study we investigated 
the combination of different monoclonal antibodies (mAbs） and donor-specific 
transfusion (DST） to induce long-lived heart allograft acceptance in memory T 
cells-based adoptive mice model. The protective effects on grafts by different treat-
ments were evaluated and the effective combination treatment and its action mecha-
nism was explored. 
Materials and methods: CD4
+
 memory T cells (CD4
+
Tm） from the allo-primed 
mice were isolated and heart transplantation in CD4
+
Tm-based adoptive transfer nude 
mice model was founded. On the basis of this model, inhibition of anti-CD44 mAb on 
alloreactive CD4
+
Tm was evaluated. Then, donor-sensitized T cells from the spleens 
of allo-primed mice were isolated and heart transplantation in donor-sensitized T 
cells-based adoptive transfer mice model was founded. On the basis of this model, the 
different combination of anti-CD44、anti-CD70、anti-CD154、 anti-LFA-1 and DST 
were used to treat the accelerated rejection mediated by Tm. The median survival time 
（MST） of allograft was determined and the mechanism of the most effective com-
bination treatment was demonstrated . 
Results: In nude mice recipients, we found that MST was 6 d in the no treatment 
group, 10.3 d in the group singly treated with anti-CD44 , and more than 100 d in the 
group multi-treated with anti-CD44 at four day intervals（8 times）.Compared with no 
treatment, anti-CD44 treatment had significantly decreased IL-2 and IFN-γ, while 
significantly increased the expression of IL-10, TGF-β in the serum and the graft. An-
ti-CD44 diminished the expansion of CD4
+





















Tm ,which functionally mediated accelerated rejection in adoptive transfer recipients. 
In this model, we found that the MST was 5.5 d in the no treatment group, 21.5 d in 
the anti-CD154/LFA-1group, 16 d in the anti-CD44/CD70 group, 25.5 d and 22.5 d 
respectively in anti-CD154/LFA-1/CD44 group and anti-CD154/LFA-1/CD70 group; 
47.5 d in anti-CD154/LFA-1/CD44/CD70group and 49.5 d in an-
ti-CD154/LFA-1/DST group. Adding anti-CD44/CD70 mAbs to an-
ti-CD154/LFA-1/DST treatment, it achieved marked prolongation of allograft survival 
（ MST > 100 d ） . Compared the untreated/treated groups, An-
ti-CD154/LFA-1/CD44/CD70/DST group notably reduced expression of IL-2 and 
IFN-γ and the expansion of memory T cells in recipients. It decreased CD8
+
 T cells 
infiltration in the grafts, enhanced the proportion of Tregs in spleen and suppressed 
donor-specific responses in the recipient splenic T cells. 
Conclusions: Anti-CD44 affects homing, proliferation and adhesion of the 
CD4
+
Tm cells. The treatment also promotes CD4
+
Tm clonal deletion, clonal anergy. 
while CD44/CD70 blockade had limited effects on the alloresponses of effector T 




 memory T cells in 
recipients adoptively transferred with donor-sensitized T cells. the an-
ti-CD154/LFA-1/CD44/CD70 treatment helped achieve remarkable prolongation of 
allograft survival in the presence of memory T cells, but it failed to induce indefinite 
graft survival. Anti-CD154/LFA-1/CD44/CD70 mAbs in combination with DST could 
significantly inhibit the function of effector and memory T cells at the same time, in-
crease the fuction of Tregs and induce long-lived graft acceptance.  
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1.1  T 细胞在器官移植中的研究进展 










































































调节性 T 细胞一类发现较晚的可以高表达 CD25 分子和转录因子 Foxp3 的 T
细胞，该类 T 细胞在免疫应答负调节及自身免疫耐受中发挥重要作用。研究表
明这种具有免疫抑制功能的 T 细胞多为 CD4+T 细胞。在体外实验中发现，也可
以诱导产生具有抑制作用的 CD8+T 细胞（CD8+Ts），这种 CD8+Ts 细胞可以抑制
T 细胞免疫应答，DC 成熟。研究表明 Tregs 功能与移植物存活呈正相关[5, 14]。转
录因子 Foxp3 最近被认为是小鼠 Tregs 的标志，对于 Tregs 的发育、维持和功能
起到重要作用[16, 17]，但在人类中尚未获得认可。对于人类来说， Foxp3 短暂表
达出现在 T 细胞激活过程中，如炎症和同种异体移植物排斥，移植物浸润细胞
表达 Foxp3 与供者特异性低反应性和组织切片上较弱的慢性排斥相关[18]。 
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